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Abstract 
 
The fate of antibacterial compounds is an important area of research due to the correlation 
between antibiotic contamination and the proliferation of antibiotic-resistant bacteria. Triclosan 
(TCS) is a common active antimicrobial agent in antibacterial hand soaps and other antimicrobial 
products.  The effects of TCS contamination in the environment are not understood. TCS sorption 
to three clays (illite, kaolinite, and montmorillonite) was studied in batch experiments at various 
pH conditions and TCS concentrations. Preliminary results indicate that sorption of hydrophobic 
TCS does not follow adsorption trends of polar antibacterial compounds at near-neutral pH.  Also, 
expansion of the clay crystal structure interlayer spacing (d-spacing) in montmorillonite (as 
detected by powder X-ray diffraction) suggests multiple TCS-clay sorption mechanisms.  The 
sorption of Na-ampicillin (AMP) to clays was also investigated in batch mixing experiments at 
various pH conditions.  AMP is a common penicillin-class human and veterinary antibiotic.  
Results yield non-linear isotherms as well as interlayer expansion and clay-enhanced degradation 
of AMP under certain conditions. Overall preliminary results of the ongoing study indicate an 
important and complex role for clays in the fate, transport, and removal of antibacterial 
compounds in sediment-water systems.  
Background and Introduction  
  
The widespread use of antibiotics and other antimicrobial drugs in human medicine and animal 
agriculture (Sarmah et al. 2006; Kümmerer 2009a,b) has resulted in the contamination of soils 
and natural waters (Chander et al. 2005).  The adverse effects of antibiotic contaminants on 
indigenous microbial communities (Kim et al. 2007; Yu et al. 2009) has generated an interest in 
the fate and transport of these pharmaceuticals in natural soil-water systems.  A major concern is 
the spread of antibiotic resistance.  One of the most important groups of  antibiotics used in the 
U.S and Europe is the penicillin class (Elander 2003; Moulin et al. 2008).  
  
The extent of environmental mobility of antibiotics and antimicrobials in soil-water systems 
depends on many factors, one of which is the interaction between the drugs  and the soil mineral 
surfaces (Blackwell et al. 2007; Kahle and Stamm, 2007).  Clay minerals in soil play a significant 
role because of their large surface to volume ratio and because compounds have the potential to 
sorb by two mechanisms: absorption into the crystal’s interlayer site, and electrostatic adsorption 
to the clay's surface.  The amount of sorption in any drug-clay pair is an important question; but, 
another important question is the actual fate of the antibiotic compounds once attached to clays. 
Some recent studies (Peterson et al. 2012; Van Wieren et al. 2012) revealed that certain moieties 
and functional groups of β-lactam and fluoroquinolone antibiotics are important in the 
mechanisms of surface adsorption to nanometer scale metal oxides.  Results also indicate a 
concomitant breakdown or degradation for the antibiotic molecule. The potential for a similar 
degradation of antibiotics, controlled by sorption to clay surfaces, needs to be investigated. 
  
The results reported in this poster are part of a larger investigation to determine if the soil 
adsorption of β-lactam antibiotics and the antimicrobial triclosan is enhanced, inhibited, or 
unaffected by the presence of clays. The data will be important input parameters for future 
groundwater fate and transport dispersion models, toxicological risk assessments associated with 
antibiotics and antimicrobial compounds, and studies on the spread of antibiotic resistance in soil-
water systems. 
 
Conclusions 
 
The batch isotherm and mixing experiments performed to date support the following preliminary conclusions: 
1. Buffered TCS solutions containing sodium lauryl sulfate appear to expand the average d-spacing of montmorillonite's repetitive 
tetrahedral, octahedral, tetrahedral geometry; 
2. Breakdown of AMP is enhanced in the presence of MM and IL, compared to AMP control solutions with no clay present; 
3. AMP adsorbs electrostatically to the surface of MM, as well as physically in the clay's interlayer. AMP also appears to adsorb 
electrostatically to IL.    
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Methods 
 
Ampicillin sodium salt (AMP) (Sigma A9518, CAS69-52-3; FW = 371.4) solutions of ten concentrations, 3000ppm serially diluted to ~6ppm, were prepared in buffered solutions of pH 2 (TRIS+HCl; I= 0.030), pH 4 (Acetic Acid+Na-
Acetate; I= 0.003), pH 6 (Acetic Acid+Na-Acetate; I= 0.02), and pH 8 (HEPES+NaOH; I= 0.013) in standard batch mixing experiments with montmorillonite (MM) (Wards #26), illite (IL) (Wards #36) and kaolinite (KA) (Wards #9)., Liquids 
from experiments were analyzed using LCMS. Control solutions of AMP with same pH stock were run simultaneously.  AMP is a common antibiotic used in human and animal medicine, and is an amphoteric, β-lactam representative of 
the penicillin class (Fig. 1).  It forms dissociated ionic species in solution, occurring as cationic, zwitterionic and anionic forms.  Figure 4 illustrates AMP speciation as a function of pH, based on pka data (Babić et al. 2007). Because AMP 
occurs as different species in solution, the surface charges on the attendant montmorillonite, illite and kaolinite clays will affect how much adsorption and which adsorption mechanisms are active. Zero point of charge (ZPC) for 
montmorillonite is ~2.5 (Drever 1997), kaolinite is ~3.8-4.1, (Appel et. al 2002), illite is ~2.5 (Hussain 1996).  These are indicated on Figures 4 and 5, along with the compounds’ speciation curves. The cation exchange capacity (CEC) of 
the MM used in the study has been reported to be 85 meq/100g (± 0.3 %), with a surface area of 686 m2/g (±0.1%) (Philen et al. 1971).  Experiments to determine CEC values of all clays used in this study are currently being performed, 
but are not yet completed.  
 
Triclosan (TCS) (SIGMA 72779, CAS 3380-34-5; FW =289.54) solutions of four concentrations, 8000ppm serially diluted to ~1000ppm, were prepared in a buffered mixture of pH 7.4 (HHepes+NaOH; I= 0.005M) and 0.2M Sodium Lauryl 
Sulfate (SLS) (US 75819, CAS151-21-3; FW = 288.38) (Grove et. Al 2003) as a solubilizer in standard batch mixing experiments with MM, IL, and KA. Liquids from experiments were analyzed using LCMS. Control solutions of TCS with 
same pH/SLS buffer were run simultaneously. Expansion of the clay crystal structure interlayer spacing (d-spacing) was measured by powdered x-ray-diffraction (PXRD) and analyzed by JADE analytical software. TCS is a common anti-
microbial compound used in personal care products (Fig. 2). 
Figure 1 
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Figure 9 pH 6 AMP Standard Breakdown
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min2 4 6 8 10 12 14 16
0
500000
1000000
1500000
2000000
2500000
3000000
 MSD2 TIC, MS File (C:\DOCUME~1\GES01\DESKTOP\SUMMER~1\AMPICI~1\PH6CLA~1\JULY10~1\07101331.D)    API-ES, Pos, Scan, 40
 2
.3
11
 4
.3
89
 7
.1
56
 1
1.
50
4
 1
2.
16
8
min2 4 6 8 10 12 14 16
0
500000
1000000
1500000
2000000
2500000
3000000
3500000
 MSD2 TIC, MS File (C:\DOCUME~1\GES01\DESKTOP\SUMMER~1\AMPICI~1\PH6CLA~1\JULY10~1\07101319.D)    API-ES, Pos, Scan, 40
 2
.3
19
 2
.7
69
 1
1.
52
5
 1
2.
57
3
 1
3.
15
5
 1
3.
65
5
•   Control concentration: 253 ppm  
 
Comparison of retention time and parent 350 ion 
counts for AMP in pH 6 
• Post mixing concentration: 103 ppm 
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Clay enhanced degradation of AMP was quantified by Agilent ChemStation for LC and LC/MS Systems software. Area counts of AMP from the supernatant of mixing experiments were summed by extracting ions from 323.1-324.7, 349.0 to 
352.2, and 368.0 to 369.2. The 350 ion represents the parent AMP, the 368 ion represents its hydrolysis products ampicillin-penicilloic acid, and the 324 ion represents penilloic acid 
  
Data from Figures 9 and 11 suggests MM and IL catalyze the hydrolysis of AMP, while Kaolinite has a negligible effect in comparison to standard and control experiments.  
 
Clay Enhanced Degradation of AMP 
TCS Expansion of Montmorillonite 
Sorption of AMP to Montmorillonite and Illite 
Expansion of the interlayer site, as indicated by the (0 0 1) reflector peak of MM, was observed by PXRD. The 
average d-spacing of MM mixed with TCS solutions was greater than expansion due to RO, and less than 
expansion due to ethylene glycol treatment. Less expansion was observed for the sample of TCS+SLS that 
was filtered before mixing than the sample that was not filtered before mixing.  
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Figure 3- Methods 
 
Figure 5 
Isotherms generated from the experimental data allow some preliminary observations regarding AMP 
sorption to MM and IL. 
  These are: 
1.Isotherms are S-shaped (Hinz 2001), indicating cooperative sorption in which some minimum 
concentration is required in solution before sorption to the mineral substrate is favorable; 
2.The amount of sorption of AMP to MM and IL is similar for both clays, and if the data are linearized for 
comparative purposes yield Kd values ranging from ~10 -150 L/kg; and, 
3.Sorption is pH dependent with most sorption occurring at pH 2,4 and 6 (cationic and zwitterionic AMP) 
and least sorption occurring at pH 8 (anionic AMP). The pH dependence suggests the significance of 
electrostatic (physisorption) mechanisms. 
  
Figure 12 
Figure 13 
Figure 14 
Figure 10 
Figure 6 
Figure 7 
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